Abstract
NOMENCLATURE

Introduction
In previous investigations the wall conduction resistance in the case of convective heat transfer between a solid wall and a fluid flow is generally neglected i.e. the wall is assumed to be very thin. But in practical occurrences the neglecting of wall conduction resistance is not possible because of its significant affect in fluid flow and the heat transfer characteristics of the fluid in the vicinity of the wall. In order to take account of physical reality, there has been a proclivity to move away from considering idealized mathematical problems in which the bounding wall is considered to be infinitesimally thin. Thus the conduction in solid wall and the convection in the fluid should be determined simultaneously. This type of convective heat transfer is referred to a conjugate heat transfer (CHT) process and it arises due to the finite thickness of the wall.
The early theoretical and experimental work of CHT problem for a viscous fluid has been reviewed by Gdalevich and Fertman (1977) and Miyamoto et al.(1980) . Gdalevich and Fertman (1977) discussed the method, the specifics and the principal results in the previously obtained solutions of conjugate problems of free convection. They stated conclusively that the use of numerical methods for solving the initial system of governing partial differential equations, such as finite difference method, is evidently the most promising in studies of conjugate free convection. Miyamoto et al. (1980) have given an analysis of the relative importance of the parameters of the problem in particular with reference to coaxial heat conduction. Cheng Long Chang (2006) analyzed the conjugate heat transfer of a micropolar fluid for a vertical flat plate. The same problem over a vertical surface in absence of micropolar fluid was studied by Merkin and Pop (1996) and Pozzi and Lupo (1988) . Pop et al. (1995) then extended the analysis to conjugate mixed convection on a vertical surface in porous medium. Moreover, the thermal interaction between laminar film condensation and forced convection along a conducting wall was investigated by Chen and Chang (1996) . Shu and Pop (1999) analyzed the thermal interaction between free convection and forced convection along a vertical conducting wall. Vynnycky and Kimura (1996) studied numerically the two dimensional conjugate free convection due to a vertical plate of finite extent adjacent to a semi-infinite porous medium using finite difference techniques. Hossain (1992) studied the effect of viscous and Joule heating on the flow of an electrically conducting fluid past a semi infinite plate of which temperature varies linearly with the distance from the leading edge and in the presence of uniformly transverse magnetic field. In his paper, using Keller box (1978) scheme the equations governing the flow were solved and the numerical solutions were obtained for small Prandtl numbers, appropriate for coolant liquid metal, in the presence of a large magnetic field. Amin (2003) investigated the effects of viscous dissipation on buoyancy-induced flow over a horizontal or a vertical flat plate embedded in a Non-Newtonian fluid saturated porous medium under the action of transverse magnetic field. He used the Ostwald-de Waele power-law model to characterize the non-Newtonian fluid behavior. Amin (2003) also analyzed the influences of both firstand second-order resistance, due to the solid matrix of non-darcy porous medium, Joule heating and viscous dissipation on forced convection flow from a horizontal circular cylinder under the action of transverse magnetic field.
To our best knowledge, the effect of magnetic field and viscous dissipation on the coupling of conduction with laminar natural convection along a flat plate has not been studied yet and the present work demonstrates the issue. With a goal to attain similarity solutions of the problem posed, the developed equations are made dimensionless by using suitable transformations. The nondimensional equations are then transformed into non-linear equations by introducing a non-similarity transformation. The resulting non-linear equations together with their corresponding boundary conditions based on conduction and convection are solved numerically by using the finite difference method along with Newton's linearization approximation. Here we have focused our attention on the evolution of the surface shear stress in terms of local skin friction and the rate of heat transfer in terms of local Nusselt number, velocity profiles as well as temperature profiles for different values of the parameters entering into the problem.
Mathematical Model
Let us consider a steady free convection flow of an electrically conducting, viscous and incompressible fluid adjacent to a vertical flat plate of length l and thickness b of ambient temperatureΤ ∞ (Fig. 1) 
and this equation is coupled to the energy equation in the fluid region by the condition that the temperature and the heat flux are continuous at the solid-fluid interface, namely
where Τ s and Τ f are the temperatures of the solid and fluid respectively and Κ s and Κ f are thermal conductivities of the solid and fluid respectively.
Generally the axial heat conduction along the wall is negligible when compared with the normal conduction across the wall and this assumption is consistent with the boundary layer theory (1974, 1996) . Thus equation (1) reduces to
But the assumption of the neglection of the axial conduction of heat from equation (1) is only valid provided that the ratio of the wall thickness to the length of the plate is small. i.e.
is the unknown temperature at the solid-fluid interface and this is determined by the solution of the governing equations. Thus the condition (3) can be written as follows
Thus the boundary layer equations governing the convective flow under these assumptions with the Boussinesq approximations can be written as 
which have to be solved along with the following boundary conditions:
Introducing the following nondimensional quantities:
where l is the length of the plate, Gr is the Grashof number and θ is the non-dimensional temperature, the governing equations are obtained in the following non dimensional form: The corresponding boundary conditions in a non dimensional form are given by
is the conjugate conduction parameter.
To solve the equations (13) and (14) subject to the boundary conditions (15), we assume the following variables
Here η is the similarity variable and ψ is the non-dimensional stream function which satisfies the equation of continuity and which is related to the velocity components in the usual way as
and h (x ‚η) is the dimensionless temperature.
It may be continued to transform the momentum and energy equations (13) and (14) respectively into the new co-ordinate systems. In order to make easy the transformation, it is useful to enclose the velocity components unambiguously expressed in terms of the new variables. Hence we get
where primes denote differentiation with respect toη .
The boundary conditions (15) then take the following form
The set of equations (17) and (18) Moreover, we have discussed the velocity profiles and the temperature distributions for different values of magnetic parameter M, the viscous dissipation parameter N, the conjugate conduction parameter p and the Prandtl number Pr.
Results and Discussion
The resulting solutions for the velocity and temperature functions are shown graphically in Figs Table 1 and Table 2 , respectively. It is clearly seen that there is an excellent agreement among the respective results. Fig. 4(a) , we may conclude that the velocity profile is influenced significantly and decreases when the value of p increases. But it is seen that near the surface of the flat plate the velocity increases by a long way and become maximum and then decreases slowly and finally approaches zero. The maximum values of the velocity are 0.3017, 0.3175, 0.3360 and 0.3865 for p = 3.0, 2.5, 2.0, 1.0, respectively which occur at η = 1.4975 for the first maximum value, η = 1.4741 for the second maximum value, η = 1.4508 for the third maximum value and at η = 1.3938 for the last maximum value. Here it is found that the velocity profiles decrease by 21.94% while p increases from 1.0 to 3.0. On the other hand, in the case of temperature field, from Fig. 4(b) , it can be observed that the temperature distribution over the whole boundary layer decreases when the values of the p increases. Here it is seen that the maximum values of the temperature profiles are 0.8762, 0.7187, 0.6624 and 0.6157 for p = 1.0, 2.0, 2.5 and 3.0, respectively and each of which attains at the surface of the plate. Thus in this case temperature profiles decrease by 29.73% while p changes from 1.0 to 3.0. Fig 9(a) shows that an increase with the viscous dissipation parameter, N, is associated with an increase in skin friction and from Fig. 9 (b) it is seen that an increase in the parameter N is associated with a decrease in the rate of heat transfer. Table 3 . From Table 3 , we found that the values of the surface temperature distribution decrease at different position of x for Prandtl number Pr = 0.733, 0.90, 1.0 and 1.74. Near the axial position x = 3.0, the rate of decrease of the surface temperature distribution is 10.44% as Pr changes from 0.733 to 1.74. Furthermore, it is clear from Table 4 that the numerical values of the surface temperature distribution decrease for increasing values of the conjugate conduction parameter p and at the same axial position x = 3.0049, the rate of decrease of surface temperature distribution is 24.975% as the p changes from 1.0 to 3.0. 1. The velocity of the fluid within the boundary layer decreases with the increasing magnetic parameter, Prandtl number and conjugate conduction parameter while it increases slightly for the increasing viscous dissipation parameter. 2. The temperature of the fluid near the interface increases for the increasing magnetic parameter and dissipation parameter while it decreases for the increasing Prandtl number and conjugate conduction parameter. 3. The shear stress coefficient at the interface increases for the decreasing magnetic parameter, the Prandtl number and conjugate conduction parameter and the increasing dissipation parameter. 4. The rate of heat transfer from the plate to the surface increases for the decreasing magnetic parameter, conjugate conduction parameter, dissipation parameter and the increasing Prandtl number.
